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ABSTRACT

The 1 C) PEX/POSEIDON satellite, currently in E:arth
orbit, will use radar altimetry to measure sea surface
height over 90 percent of the world's ice-free oceans.
In combination with a precise determination of the
spacecraft orbit, the altimetry data will provide maps
of ocean topography, which will be used to calculate
the speed and direction of ocean currents worldwide.
NASA'’s Jet Propulsion Laboratory (JPL) has primary
respons ibility for mission operationsfor
TOPE X/POSEIDON. Software applications have
been developed to automate mission operations
tasks. This paper describes one of these applica-
tions, the Memory State Tracker, which allows the
ground analyst to examine and track the contents of
satellite on-board computer memory quickly and effi-
ciently, in a human-readable format, without having to
receive the data directly from the spacecraft. 1 his
process is accomplished by maintaining a ground-
based mirror-image of spacecraft On-board Comput-
er memory.

l. Introduction

The TOPEX/POSEIDON satellite contains an embed-
ded computer system for the control of the satellite
engineering subsystems and science instruments.
The On-board Computer (OBC) provides the execu-
tive, command, telemetry, and attitude control pro-
cesses, which are driven by variables contained in
system tables in (X3C memory. Control of the satel-
lite is performed primarily through uplink manipulation
of the variables in these system tables. OBC memory
also contains other types of information including a
relative time sequence instruction buffer and flight
software code. Proper spacecraft sequence genera-
tion requires knowledge of the current values in OBC
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mermory at any given time. Direct examination of
OBC memory requires uplinking a command to per-
form a memory dump, and the data that is transmitted
back to the ground must be processed and converted
to a readable format. This process is impractical be-
cause it is slow and the data is subject to corruption
during transmission.

To track the memory state, previous JF'L missions
maintained a duplicate image on paper of the current
contents of OBC memory. These copies would be
updated by hand based on update commands that
had been sent to the spacecraft. The format was in
octal or hexadecimal, and had to be translated man-
ually into a meaningful format for the human reader
(e.g., decimal engineering units for system tables or
command mnemonics and parameters for flight soft-
ware) whenever an analyst wanted to know what was
in memory. Maintenance and translation of this pa-
per version was a time-consuming and tedious pro-
cess subject to frequent human error. To complicate
matters, different mission operations teams would of-
ten maintain their own separate versions of the ex-
pected memory image, resulting in redundant and
inconsistent information.

T he 10PEX Memory State Tracker (MST) was de-
veloped to provide an automated approach for exam-
ining, updating, and archiving the state of OBC
rnernory. MS1 is a software system that maintains a
ground-based mirror image of the expected contents
of the non-dynamic areas of TOPEX OBC memory.
Non-dynamic areas are memory locations that can
only be changed by commands sent from the ground.
Accurate and timely maintenance of the ground im-
age is essential; in order for the ground image to be
useful, it must be identical to the expected OBC
mernory image.

MST crenelates reoorts of the contents of the around
image in a variety of formats and displays them in an
easy-to-use graphical user-interface. These reports



provide status and attributes of system tables, flight
software, and other memory contents. Previously an-
alysts had to wade through three or four types of
documentation and data and perform manual conver-
sions to get the same information. T his required an
average of 15 minutes of effort per OBC value. 1 he
Memory State Tracker provides this information for
entire tables of OBC values (containing dozens of
memory words) within seconds. In the past, the abil-
ity to perform memory state analysis was a
specialization. The Memory State T racker now al-
lows this task to be performed by any mission analyst.
In addition, the MST ground image provides a single
common reference point for all interested parties, in-
stead of relying on multiple inconsistent versions of
the expected memory image.

This paper describes the implementation and func-
tions of the TOPEX Memory State Tracker.

Il. TOPEX OBC Memory Organization

TOPEX OBC memory consists of 16 banks of 4K
words, or 64K words of memory. Each word contains
18 bits. Memory contains a variety of types of data,
including system tables, command buffers, and flight
software. F light software code is stored in a contigu-
ous range of memory. Other types of data are not
necessarily stored contiguously. The specific start
and end addresses of the different data areas is de-
termined when the final binary memory image is
linked and loaded into the OBC. A link map is gen-
erated at that time, which contains the starting ad-
dresses and ranges of the data segments. Thus the
data type of any ‘word can be determined based on
the word’'s absolute address. 1 he major data lypes
are:

1. System tables - Spacecraft parameter

tables,

Flight Software

Relative Time Sequence commands

. Telemetry Monitor (TMON) - Special sys-
tem tables that specify logical tests to be

performed on telemetry and memory
values

A w

Ill._MS'T memory organization
The MST ground memory image is an ASCII file con-
taining one record for each address of OBC memory.
Records are ordered by memory address. Each
record contains the following fields:
1. address - a six-character octal memory
address.
2. value - a six-character octal value which is
the contents of the memory location.

N

3. size - an integer specifying whether the
memory word is part of a multi-word sys-
tem table variable. If the word is the first
word of a multi-word variable, it also indi-
cates the number of words in the variable.

4. memory type - an integer denoting the
type of data stored at the location, and
whether the location is trackable
(non-dynamic).

5. update number - an integer telling the
number of times the location has been up-
dated by MST.

6. update time - a character string specifying
the time of last update of the location.”

Only the non-dynamic areas of OBC memory are
maintained (“tracked”) in their current form. MS1” al-
lows the user to specify dynamic memory areas that
are not tracked via an ASCII mask file. At the user’s
request a mask file is read and the locations specified
as dynamic (non-trackable) are marked as such in
the ground image. Non-trackable locations are not
fully displayed in the MS1 reports and are not exam-
ined during MRO compare (see Memory Readout
Compare below). Even though only the non-dynamic
areas of OBC memory are tracked by MST, all 64K
locations of memory are represented in the ground
image for ease of organization and retrieval and to
accommodate possible future expansion of the non-
dynamic locations. T he ASCII format allows the im-
age file to be portable across computers.

[-o initialize the ground memory image, MST uses
three files generated during the course of OBC mem-
ory initialization. T hese files exist independently of
MST and are not modified in any way to accommo-
date MST. A binary image file is used to initialize the
conlents of OBC memory. MST obtains the contents
of the memory locations from this file. The link map,
generated by the linker program when the initial bi-
nary image is created, is used by MST to determine
the data type of each location. MST recognizes three
types of memory locations: Relative Time Sequence
Buffer (RTS), system table (including TMON), and
flight software code. A global symbol list, generated
by hand, is used by MST to determine the sizes of
system table variables. With this information MST
creates the 64K records of the ground image.

IV. Graphical User-Interface
The MST Graphical User-Interface (GUI) was created
with ease of use in mind. The layout of the interface
is designed to allow easy navigation into all functions
provided by MST (See figure 1). Menus are not used
because they hide information. Buttons are used to
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denote the functions that are available. This allows
all MST functions to be visible to the user in the main
window. Since the buttons represent functions, they
are grouped into three sections: the image section,
the display section, and the calculate section. The
image section of buttons contains all functions deal-
ing with manipulation of the ground image (initializing,
updating, restoring, masking). T he display section of
buttons contains all functions dealing with displaying
the ground image in different formats, The calculate
section of buttons contains functions which require
calculations.

Color is used to denote functionality as well. Any field
having a white background color is an editable input
field. Any field with a medium blue background color
is a non-editable display field. Any field with a light
blue background color denotes a list containing user-
selectable items. These lists allow the user to re-
quest information or functions on specific data items.

A Help button appears in every window to allow the
user to request context sensitive help. Selecting the
Help button will pop up an index window and a Help
window. 1 he Help window contains a description of
the contents and operation of the window in which the
selected Help button appears. The index window
contains a scrollable list of all Help categories. Se-
lecting any category in the index window will cause
the Help window 1o be loaded with the Help informa-
ion on that category.

V. MST Functions
The TOPE X Memory State Tracker performs a num-
ber of functions that allow the user to update, view,
and compare the contents of the ground memory
image. These functions are activated by buttons in
the MOT IF-based Graphical User-interface. The var-
ious MS1 functions are described below.

Update and Restore

The ground image is updated using the same com-
mands that are used to update the spacecraft OBC
memory. TOPEX commands are in ASCII format and
consist of a time tag, a command mnemonic, and one
or more numeric parameters. Command files contain
header information, one or more commands, and a
terminating string. The commands are ordered by
time tag. To update OBC memory, an ASCIl com-
mand file is created, translated into binary, then
uplinked to the satellite for execution by the OBC.
MS1 uses this same ASCII command file to update
the ground memory image.

Before executing the MST update function, the user

specifies the “halt time” which indicates the time tag
of the last command in the command file that will be
executed on the ground image. This is necessary in
order to ensure that a proper “snapshot” of OBC
memory is available for a specific time. Next the user
specifies one or more command files to be executed
by MST. MST reads and parses the commands in
these files, and executes the changes on the ground
image. For each address specified in a command,
the corresponding record of the ground image file is
updated. T he value field is updated, the update num-
ber field is incremented, and the update time field is
modified to match the time tag associated with the
command. If the location to be updated is part of the
flight software code, the entire code area of the
ground image is first archived to a file before the lo-
cation is updated. This allows all previous versions of
the flight software to be retrieved and viewed at any
time (see Code Display below). All commands per-
formed on the ground image are echoed to a com-
rand log file.

1 he command log file serves a dual purpose. It pro-
vides a history of all executed commands and it is
also used to restore the ground image to a previous
state. To execute the restore function, the user spec-
ifies the previous time to which the image is to be
restored. To restore the image to the previous time,
first the current ground image is replaced by a copy of
the initial baseline image which reflects the state of
OBC memory before any updates were performed.
I-he command log then serves as a command file
which is executed by MST. All commands in the
command log whose time tags are less than or equal
to the restore time are executed on the ground image.
This causes the ground image to be restored to the
state it had at the specified restore time.

Code Display

I-he flight software code area of the ground image
can be displayed to the user in two different formats.
The user specifies the address range of the code to
be displayed and can view either the current version
of the code or a previous archived version. The short
format code report is simply a dump of the octal val-
ues of the specified code address range. T he long
format report (see figure 2) shows the octal address,
octal value, number of updates made to the location,
time of last update, and whether the location has
‘changed since the previous version of the code. 1 he
last column of the report shows the original code
mnemonic and operand(s) from which the octal value
was translated. This symbolic information is obtained
from a translation table which contains command
mnemonics and their corresponding opcodes.
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Figure 3- System Table Display

System Table Display

The 10PEX satellite engineering subsystems and
science instruments are controlled by the OBC. The
OBC is driven by parameters grouped into system ta-
bles in OBC memory. It is essential that ground
analysts have complete knowledge of the current
contents of system tables in order to direct spacecraft
functioning. System tables are used by the analyst to
update parameters to OBC processes. So for exam-
ple, a new TOPEX ephemeris would require an
update to the ephemeris table (TOPEX system table
number 33).

MST maintains a copy of all non-dynamic system ta-
bles in the ground image. To display the current state
of a system table from the ground image, the user
specifies the system table number in the system table
display window (see figure 3). A system table vari-
able can occupy more than one memory word. 1 he
system table report contains the following information
for each variable in the system table:
1) offset within the system table

2) number of words (or addresses) occupied
by the variable

3) variable name
4)decimal engineering unit value.

5) unit of measure

6) the 6-character octal values of all words
contained in the variable.

7) the scaling factor (used to perform the
conversion from octal to engineering units
and vice versa)

8) the time of last update

9) the number of times the variable has been
modified

1 he memory address of a system table is obtained
from the system table map, which is generated when
the OBC binary image is linked and loaded. The off-
set, octal value, time of last update, and number of
updates are obtained from the ground image. The
number of words in the variable, variable name, unit
of measure, and scaling factor are obtained from a
separate global symbol file called a global list. The
global list contains this information for all non-
dynamic system table variables. The engineering
unit value must be calculaled based upon the octal
value and the scaling factor, which specifies the po-
sition of the decimal point. Information about the
system table itself, including the starting address of
the table, the number of words in the table, and the
time of the last location updated in the table is also
displayed.



Dynamic system tables (whose values can be
changed by the OBC without a ground command) are
not fully reported. This is because the global list does
not contain information for variables from dynamic
system tables. If a dynamic system table is selected
for display, only the information available from the
ground image (off set, octal value, time of last update,
and number of updates) will be displayed. All other
fields are filled with X’s, to indicate that the table is
dynamic.

Memory Readout and Compare

Portions of TOPEX OBC memory can be downloaded
from the spacecraft and viewed in octal form in a spe-
cial report called the Memory Readout File (MRO).
The MRO is generated by the ground spacecraft
team, not by MS1. MS1 can read the MRO and com-
pare the portion of memory contained in it to the
same memory locations in the ground image and re-
port any discrepancies {miscompares). This process
is useful for confirming that the ground image is in
fact identical to OBC memory. Any memory locations
contained in the MRO which are dynamic (non track-
able, as specified by a mask file) are not examined
during the comparison.

To give the user an overall view of how the MRO
compares to the corresponding memory range, MST
can display a graphical representation of the miscom-
pares throughout the entire 16 bank, 64K memory
image (see figure 4). Each bank is represented by a
button, with 16 butions arranged in a grid. The label
of a button denotes the bank number, and the color of
a button denotes the percent miscornpares that were
found in that bank during the MRO compare. Green
indicates no miscompares, while red denoteshe-
tween 75 and 100 percent miscompares. Yellow,
amber, and orange correspond to 1-24, 25-49, and
51-74 percent miscompares respectively.

When the user selects one of the butlons, a second
display appears which shows a breakdown of the per-
cent miscompares within the 4K bank represented by
the button (see figure 5). Each button in this display
corresponds to a 64-word range within the bank, with
a total of 64 buttons. Each button is labelled with the
octal starting address of the 64-word range. The col-
or coding scheme for the buttons is the same as in
the bank grid display.

To display the 64 word range that a button repre-
sents, the user selects the button corresponding to
that range. T his causes a third display to appear (see
figure 6) which shows in tabular form the memory ad-

dress, the MRO and ground image values at that ad-
dress, the octal difference between the two values (if
any), and the type of data at that address (if it is one
of the types that MS? tracks), This hierarchical data
display and navigation enables the analyst to quickly
ascertain and examine any miscompares which could
potentially be a problem.

Relative Time Sequence (RTS) commands are fixed
sequences of commands that carry out functions
which must be performed repeatedly. RT S’s can be
activated from the ground via real-time commands,
by the flight software, or by Telemetry Monitor
(TMON) reaction commands. An RTS command
consists of 3 memory words: the time delay to wait
before execution of the command in the sequence
and two words containing the command to be
executed. RTS commands are kept in an area of
memory called the RTS buffer, which consists of 3
sets of contiguous 512 memory words, or 512 RTS
commands. OBC memory can hold a maximum of 73
RT S’s. Also contained in memory is an RTS index
which has 6 words per RTS. The index words contain
the starting address of the W-S in the RTS buffer, the
number of commands allocated for the RTS, the
number of commands actually loaded for the RTS,
and the remaining three words are dedicated to the
run-time status of the RTS. Access and modifications
to any RTS requires consulting the RTS index to find
the correct memory location and size of the desired
RTS. In order to know which R1 S’s are loaded and
their sizes and locations one must examine and de-
cipher the RTS Index. To know what commands are
in an RTS, one must read the RTS buffer and trans-
late the numeric time delay tags and commands into
mnemonics.

Since RTS'S can be loaded or overwritten, but not
deleted, fragmentation can occur, because if an ex-
isting RTS has to be extended beyond the number of
commands originally allocated for that RTS, the RTS
has to be moved to the end of the RTS buffer and all
the locations it occupied previously have to be
rnarked as abandoned.

MS1 allows update and fast translation and display of
the RTS buffer. There are two displays for this pur-
pose: a memory map of the RTS buffer and a detailed
display of all loaded RTS’S. The RTS memory map
graphically displays available space in the R1S buffer
(see figure 7) based on information in the RTS index.
Empty command slots are denoted by blank spaces,
periods denote loaded commands, plus signs denote
allocated commands, and the capital letter ‘X' de-
notes abandoned spaces. This information is impor-
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tant because the analyst has to know if there is
enough space to load new RTS’s (or change an ex-
isting one) and when to unfragment the R1S buffer
because there are too many abandoned command
slots. Unfragmentation involves clearing the R1"S in-
dex and buffer, and re-loading all RTS’s.

1 he detailed display shows the contents of all loaded
RTS’s (see figure 8). The window is split into two
parts: the top section contains a list of all R1S’s and
the bottom section contains the commands that make
up an individual RTS. Each entry in the RTS list has
the following information: the RTS number, the RTS
buffer starting address, the number of commands
loaded, the number of commands allocated, and the
date the RTS was loaded.

To obtain information about a particular RTS, the user
mouse-selects the desired RTS in the list. MST then
retrieves the RTS from the RTS buffer area of the
ground image and displays it in the lower area of the
RTS report window. This detailed informationin-
cludes the command offset, the time delay tag, the
most significant command word, least significant
command word, and the original command
mnemonic. The time tag and command words are in
octal. T he command mnemonic is not contained in
the ground image. It is obtained from a separate
ASCII file associated with the RTS that is crealed
when the RTS is initially loaded into the ground image
via the MSTupdate function.

The TMON or 1 elemetry MONitor consists of a group
of special system tables that are used to monitor the
values of spacecraft telemetry and OBC memory
locations. These values are critical to the operation
of the spacecraft and thus must be monitored
regularly. MST allows the user to view formatted re-
ports of these TMON system tables as they exist in
the ground image. The tables define TMON "groups",
which specify the locations of data values, logical
tests to be performed on these values, and actions to
be performed if the data fails the tests. This informa-
tion in its raw form in the system tables is not readily
comprehensible by the human user. MST extracts
the information from the ground image and translates
it into a human-readable form. If the action to be per-
formed upon test failure is a Relative Time Sequence
of commands (RI-S), MST retrieves the specified
RTS from the ground image and displays it following
the T MON group that invokes it.

Memory Address Trace
MST provides an address trace function that allows

©

the user find out the data type of any address. The
user simply specifies an address and MST displays
the data type associated with that address (system
table, code, RTS). If the address is in a system table
or code, an appropriate display window appears with
the system table or code segment that contains the
address.

For example, if the user enters the address of a code
location, MST will retrieve the record from the ground
image associated with that address. The type field
will indicate that the data type is code, which will be
displayed to the user in a message in the main win-
dow of the GUI. Next MST will consult the link map
file to determine which flight software module this ad-
dress is contained in, and load the source code for
that module into a file browser for viewing by the user.
If the location is of type system table, MST will display
the system table window with the system table that
contains the address.

HyperText Navigation

T he code (long format only), system table, and MRO
detailed reports display items (addresses or vari-
ables) in a list format. T he user can obtain more
information about any item listed in the reports.
When the user selects an item by clicking on it with
the mouse, a file browser appears that displays the
software module which contains the address (for
code addresses) or defines the system table variable
(for system table entries).

For example, if the user is viewing the detailed report
of the MRO compare and notices that a few locations
of type code or system table do not match with the
ground image, he/she can select one of these loca-
tions with the mouse to obtain more information about
it. If the location is of type code, MST determines the
software module which contains the location and
loads the source code of the module into a file brows-
er for display to the user. If the location is part of a
system table variable, MST loads the software mod-
ule in which the system table variable is defined.

This feature provides information about the flight soft-
ware context of a memory address in a matter of
seconds. Performing this lookup manually would
take significantly longer.

Checksum

The TOPEX OBC calculates a checksum of the code
area of memory and sends it in telemetry on a regular
basis. MST can also calculate a checksum of the
code range of the ground image and compare it with
the OBC generated checksum. When the user in-




vokes the MST checksum function, MST first reads
the OBC checksum from a TOPEX report generated
from telemetry. This is a standard report used by the
Spacecraft Performance Analysis Team (i.e., not
specially tailored to MST). Next MST calculates the
octal checksum of the code range of the ground im-
age, and then connpare the two values to see if they
match. The result of the comparison is displayed to
the user. Comparison of OBC and MST checksums
is another way to verify that the ground image is iden-
tical to OBC memory.

System Table Calculator
When an analyst wants to update a system table vari-

able, he/she has to perform the following steps by
hand:

1) Find the system table location to be
updated.

2) Convert the desired engineering unit val-
ue to octal or hexadecimal using the cor-
rect scaling factor associated with that
variable.

3) Generate the correct update command
with the command mnemonic, converted
octal or hex representation, time tag spec-
ifying the time at which the command is to
be performed, and of course the correct
syntax.

Spacecraft maneuvers require generating hundreds
of these system table variable updates. Each step in
this process is subject to human error.

1 he System Table Calculator function performs all of
the above steps automatically. The only input that is
needed is the desired engineering unit value and the
time to update the table entry. The system table cal-
culator display window is identical to the system table
display except it has an extra button called “View
Changes” and it behaves differently when a table en-
try is selected. The first time the user selects a table
entry the system table calculator update window will
appear with the selected entry separated into its con-
stituent parts (see figure 9). The user enters the
engineering unit and the update time and selects the
"Add" button to add the modified table entry into a
scrollable buffer window directly below the partitioned
fields. After the user makes all desired changes,
he/she selects the “Generate RTC" button to gener-
ate an uplinkable real-time command file containing
the update command. The System T able Calculator
eliminates many of the errors which can creep into
this process and generates real-time commands
much faster than a human can.
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Figure 9- System Table Calculator Update Window



VI. Summary

A tool of the scope of the Memory State T racker has
not been previously implemented at JPL. MST allows
fast and easy access to the contents of OBC memory
by maintaining and displaying a ground mirror-image
of the OBC memory image.

MST obtains memory information from the ground im-
age and from other ASCII files that exist independent-
ly of MST. Wherever possible, MS1 uses files that
have been generated by ground processes for other
purposes, thereby eliminating the need for special
files whose formal, is designed solely for use by MST,
This eliminates redundancy in data products.

1 he various reports generated by MST are readily
available to the user via an intuitive Graphical User-
Interface. Access to the contents of OBC memory is
much faster than without the use of a memory state
tracker, allowing ground personnel to perform the
tasks of spacecraft analysis and sequence genera-
tion more accurately and efficiently.
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